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A B S T R A C T

Purpose
Painful oral mucositis (OM) is a significant toxicity during radiotherapy for head and neck cancers.
The aim of this randomized, double-blind, placebo-controlled trial was to test the efficacy of
doxepin hydrochloride in the reduction of radiotherapy-induced OM pain.

Patients and Methods
In all, 155 patients were randomly allocated to a doxepin oral rinse or a placebo for the treatment
of radiotherapy-related OM pain. Patients received a single dose of doxepin or placebo on day 1
and then crossed over to receive the opposite agent on a subsequent day. Pain questionnaires
were administered at baseline and at 5, 15, 30, 60, 120, and 240 minutes. Patients were then
given the option to continue doxepin. The primary end point was pain reduction as measured by
the area under the curve (AUC) of the pain scale using data from day 1.

Results
Primary end point analysis revealed that the AUC for mouth and throat pain reduction was greater
for doxepin (�9.1) than for placebo (�4.7; P � .001). Crossover analysis of patients completing
both phases confirmed that patients experienced greater mouth and throat pain reduction with
doxepin (intrapatient changes of 4.1 for doxepin-placebo arm and �2.8 for placebo-doxepin arm;
P � .001). Doxepin was associated with more stinging or burning, unpleasant taste, and greater
drowsiness than the placebo rinse. More patients receiving doxepin expressed a desire to
continue treatment than did patients with placebo after completion of each of the randomized
phases of the study.

Conclusion
A doxepin rinse diminishes OM pain. Further studies are warranted to determine its role in the
management of OM.

J Clin Oncol 32:1571-1577. © 2014 by American Society of Clinical Oncology

INTRODUCTION

Radiation-induced oral mucositis is an inflamma-
tory process of the oral cavity and oropharynx man-
ifested as painful, erythematous ulcerative lesions
that develop within 7 to 14 days of the initiation of
radiotherapy.1,2 The majority of patients with head
and neck cancer treated with radiation, with or with-
out chemotherapy, experience painful oral mucosi-
tis as a result of disruption of the normal function
and integrity of the oral mucosa.3,4 The pain and
associated dysgeusia caused by oral mucositis fre-
quently require treatment with systemic analgesics.

This problem can decrease patients’ oral intake and
nutrition, leading to dehydration, weight loss, and
declining performance status that may require intra-
venous fluid hydration, feeding tube placement, and
hospitalization.4,5 When severe, oral mucositis in-
creases the risk of infection and may compromise
clinical outcomes by necessitating treatment breaks,
dosage reductions, and reduced therapy compli-
ance.1,6 Common clinical management strategies
include bland rinses, topical anesthetics and analge-
sics, mucosal coating agents, and systemic analge-
sics.1,7 Most patients require opioid analgesia as
the severity of oral mucositis increases.8 Topical
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anesthetics and analgesics, such as lidocaine, benzocaine, and di-
phenhydramine, typically provide less than 30 minutes of pain
relief.9 They can cause burning or stinging pain on first contact
with damaged mucosa and then temporarily diminish or abolish
taste and the gag reflex.10

Doxepin hydrochloride is a tricyclic antidepressant with an-
esthetic and analgesic properties when administered topically.
These effects may be the result of Na� channel blockade that limits
conduction of noxious stimuli in cutaneous nociceptors.11 Two
small pilot trials of an oral doxepin rinse reported a significant
short duration of anesthesia followed by more extended analgesia
for patients with oral mucositis.12-15 The current randomized
placebo-controlled trial was developed to test the efficacy of dox-
epin oral rinse as an anesthetic or analgesic for oral mucositis pain
caused by head and neck cancer therapy.

PATIENTS AND METHODS

Eligibility

Patients were eligible for enrollment if they were age 18 years or older,
had histologic proof of a head and neck malignancy, and were currently
undergoing radiotherapy (with or without chemotherapy) to a minimum
planned dose of 50 Gy including one third of the oral cavity mucosa using 1.6
to 2.2 Gy per fraction. Both three-dimensional conformal and intensity-
modulated radiotherapy techniques were allowed. Before enrollment, each
patient had an oral examination by an enrolling clinician that confirmed the
presence of oral mucositis and the absence of oral infection using the Oral
Mucositis Assessment Scale16 and the WHO mucositis grading scale.17 Eligible
patients were also required to have mouth pain rated � 4 on a numerical
analog questionnaire (0, no oral pain; 10, worst oral pain) and an Eastern
Cooperative Oncology Group (ECOG) performance status of 0 to 2. Patients
were typically assessed weekly throughout the course of radiotherapy to deter-
mine whether mouth pain from mucositis had achieved a score of � 4 of 10 for
severity. Key exclusion criteria were known allergies to doxepin or other
tricyclic antidepressants, use of a tricyclic antidepressant or monoamine oxi-
dase inhibitor within the 2 weeks before registration, untreated or unresolved
oral candidiasis or oral herpes simplex virus infection, untreated narrow angle
glaucoma, and untreated urinary retention � 6 weeks before registration. All
patients provided written informed consent before enrollment.

Randomization, Treatment, and Assessment

Randomization was performed at a central location with stratification
according to sex, receipt of concurrent sensitizing chemotherapy, and age
(� 60 v � 60 years). Patients were assigned to either doxepin-placebo (arm 1)
or placebo-doxepin (arm 2) in a 1:1 ratio using the Pocock and Simon dy-
namic allocation procedure,18 which balances the marginal distributions of the
stratification factors. Group 1 patients received a doxepin rinse prepared in the
following manner: doxepin 10 mg/mL�2.5 mL�25 mg, diluted to 5 mL with
2.5 mL of sterile or distilled water. Patients in arm 2 received a placebo rinse
prepared in a similar manner. Ora-Sweet SF is an alcohol-free flavored sugar-
free syrup vehicle that served as the placebo base solution. A designated
unblinded pharmacist or nurse at each institution prepared the study dose and
then blinded study personnel administered the rinse; the patients swished the
solution in their mouth for 1 minute, gargled, and expectorated. Study patients
remained at the treating locations for the first hour and completed question-
naires at time zero (before the oral rinse) and 5, 15, 30, and 60 minutes
postadministration. Patients were then allowed to leave and were instructed on
timing of questionnaire completion at 2 and 4 hours, with reminder phone
calls. These questionnaires were based on the Oral Mucositis Daily Question-
naire and the Oral Mucositis Weekly Questionnaire-Head and Neck
Cancer,19-21 and they used 11-point numerical analog scales (0 to 10 scores) to
measure pain, unpleasant taste, stinging or burning, and drowsiness at the
defined intervals following doxepin or placebo (Data Supplement). Patients

were maintained on any long-acting analgesia that had been initiated before
enrollment; however, no analgesics were allowed for mucositis pain for 60
minutes before and after the study doses. Patients were allowed analgesics after
60 minutes if needed for pain relief and were asked to record this on the
questionnaire. No viscous lidocaine, “magic mouthwash,” benzocaine, di-
phenhydramine, or other medicated oral rinses (except 0.9 normal saline or
baking soda rinse) were allowed within 4 hours before or after the study
medication. At the end of 4 hours, patients were asked, by questionnaire,
whether they would like to continue the mouthwash they received, as needed.
Patients returned on a subsequent day when their self-rated mouth pain was
again � 4 of 10 on a numerical analog questionnaire and entered the crossover
phase, conducted in an identical manner. After completion of the question-
naires from the blinded second dose, patients were unblinded and given the
option of continuing treatment with doxepin rinse every 4 hours as needed.
Patients who chose to continue with doxepin rinses completed a weekly ques-
tionnaire until their oral mucositis pain resolved or they chose to discontinue
doxepin. Toxic effects were measured according to the Common Terminology
Criteria for Adverse Events (CTCAE) version 4.0.22

Statistical Analysis

This was a randomized, double-blind, placebo-controlled, phase III trial
with a crossover phase followed by continued use of the active agent. The
modified intent-to-treat principle was adopted to exclude patients from sta-
tistical analysis who were ineligible, who cancelled, or who did not have any
pain measurement after baseline. The primary end point was the total pain
reduction (average of mouth and throat pain) as measured by the numerical
analog scale of mouth pain in the questionnaires taken at baseline and at 5, 15,
30, 60, 120, and 240 minutes after doxepin-placebo rinse in the first phase. The
area under the curve (AUC) was adjusted for baseline, with the time scale
replaced by a numerical scale of 1, 2, 3, 4, 5, and 6 to avoid overweighting the
later time points. Proration and imputation were used for terminal and inter-
mittent missing data for AUC, respectively. The AUCs for the two treatment
arms (doxepin-placebo and placebo-doxepin) were compared by using the
Wilcoxon rank sum test with 95% CIs.

Secondary end points included total stinging or burning from, total
unpleasant taste of, and total drowsiness increase from the initial oral rinse,
each calculated by the AUC and analyzed in the same way as the primary end
point. The incidence of using additional analgesics between 2 and 4 hours after
the initial mouthwash was an additional secondary end point and was com-
pared between the arms by using the �2 test. Additional end points included
pain reduction and other adverse event profiles in the blinded crossover phase,
whereby the intrapatient change of AUC for the two arms (doxepin-placebo
and placebo-doxepin) was compared by using the Wilcoxon rank sum test.
The CROS procedure23 with an assumption of no carryover effect after the
washout period was used to construct the 95% CIs for the mean differences in
the intrapatient change between the two treatments.

By using the empirical rule effect size estimation procedure,24 a clinically
meaningful effect size was defined as being roughly equivalent to one half the
standard deviation. At the 5% significance level, there would be 80% power to
detect a clinically meaningful effect size of 0.5 of a standard deviation with 128
patients (64 patients for each arm) based on the two-sample t test with an
equal-variance assumption. This sample size was inflated by 15% to account
for patient ineligibility, cancellation, or other major violations. A total of 148
patients (74 patients per arm) was targeted for accrual. Statistical analysis was
performed by using SAS version 9.2 (SAS Institute, Cary, NC). P values were
based on two-sided comparisons. Analyses were based on the study database
frozen on June 26, 2012.

Role of Funding Source

The study was designed and conducted and the data were analyzed by the
Alliance for Clinical Trials in Oncology cooperative group, which is funded by
the National Cancer Institute. The final protocol, amendments, and informed-
consent documents were approved by local institutional review boards or
independent ethics committees.
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RESULTS

Patients

A total of 155 patients at 26 US centers underwent random
assignment between December 17, 2010, and May 17, 2012. Figure 1
shows enrollment, random assignment, and follow-up. Table 1 pro-
vides the patient characteristics, which were well balanced between the
two arms.

Primary Outcome

Analysis of the primary end point revealed that the AUC for the
mean mouth and throat pain reduction was greater for doxepin
(�9.1) compared with placebo (�4.7; difference, �4.4; 95% CI, �6.7
to �2.1; P � .001). Crossover analysis of the two phases showed
intrapatient changes of 4.1 for the doxepin-placebo arm and �2.8 for
the placebo-doxepin arm; therefore, the treatment difference of dox-
epin versus placebo was �3.5 (95% CI, �5.1 to �1.8; P � .001; Fig 2).
This translated to an average mouth and throat pain score reduction
(on a scale of 0 to 10) of �2.0 (36.3%) from baseline for doxepin
compared with �1.0 (18.9%) for placebo at 30 minutes after rinse
(P � .0032). This average pain score reduction was statistically signif-
icant 1, 2, and 4 hours after study initiation (Fig 3). Although they were
treated as stratification factors for randomization, sex and use of
concurrent radiosensitizing chemotherapy seemed to interact with the
treatment effect in an exploratory analysis; their P values for statisti-
cally significant interaction were .021 and .002, respectively. Although
female/no concurrent radiosensitizing chemotherapy patients tended
to have more pain than male/concurrent radiosensitizing chemother-
apy patients in the placebo arm, these relationships were reversed in

the doxepin arm (Data Supplement; Figs A1 and A2, online only). None-
theless, in all situations, the doxepin arm fared better than did the pla-
cebo arm.

Other Outcomes

Analysis of the crossover data from the second phase revealed
findings similar to the first phase with an AUC for the mean mouth
and throat pain reduction of �7.9 for doxepin compared with �5.6
for placebo (difference, �2.3; 95% CI, �6.7 to �2.1; P � .001). The
mean time between treatment in the first period and the crossover
period was 2.1 days. This time was not significantly different between
the two arms.

Stinging or burning from the oral rinses was analyzed for the
initial dose by using a numerical analog scale of 0 (no stinging or
burning) to 10 (worst stinging or burning possible). The AUC for the
mean stinging or burning was significantly more for doxepin (9.6)
compared with placebo (4.0; difference, 5.6; 95% CI, 2.9 to 8.3; P �
.001). The mean scores for stinging or burning were maximal at 5
minutes (3.7 for doxepin v 1.1 for placebo) and decreased but re-
mained statistically different over the 4 hours of assessment, as shown
in the Data Supplement and in Figure A3 (online only).

The taste of the oral rinses was also assessed with a numerical
analog scale (0 [acceptable] to 10 [terrible]), and AUC analysis showed
that patients favored placebo (5.1) rinse over doxepin (7.7; difference,
2.6; 95% CI, 0.1 to 5.1; P � .0018). However, both rinses had taste that
was acceptable with a mean score of 2.9 for doxepin compared with 1.6
for placebo at 5 minutes. These scores also declined over time such that
by 1 hour, the difference in taste was no longer significant (mean for
doxepin 1.1 v 0.9 for placebo).

Enrolled
(N = 155)

Doxepin arm
(n = 77)

Placebo arm
(n = 78)

Started study
(n = 69)

Started study
(n = 72)

Available for primary end point analysis
(n = 69)

Available for primary end point analysis
(n = 71)

Available for crossover end point analysis
(n = 62)

Available for optional continuation 
phase analysis

(n = 81)

Withdrawn (n = 6)

Refused further
   treatment
Other

(n = 2)

(n = 2)

Refused further
   treatment
Adverse event
Other

(n = 4)

(n = 1)
(n = 2)

Ineligible, only baseline data (n = 1)

Withdrawn (n = 8)

Available for crossover end point analysis
(n = 67)

Fig 1. CONSORT diagram.

Doxepin for Mucosal Pain

www.jco.org © 2014 by American Society of Clinical Oncology 1573



Table 1. Baseline Patient Characteristics

Doxepin-Placebo
(n � 69)

Placebo-Doxepin
(n � 71)

Characteristic No. % No. % P

Age, years .24
Mean 62 60
Range 39.0-93.0 37.0-86.0

Race/ethnicity .36
White 62 90 65 92
Black or African American 4 6 3 4
Asian 3 4 1 1
American Indian or Alaska Native 0 0 2 3

Age, years .61
� 60 33 48 37 52
� 60 36 52 34 48

Sex .74
Male 56 81 56 79
Female 13 19 15 21

Primary tumor site .53
Oropharyngeal 41 59 35 49
Oral cavity 10 15 19 27
Laryngeal 10 15 10 14
Nasopharyngeal 1 1 2 3
Salivary 1 1 1 1
Hypopharyngeal 1 1 0 0
Not otherwise specified 0 0 1 1
Other 5 7 3 4

Radiosensitizing chemotherapy .75
Yes 55 80 55 78
No 14 20 16 23

Prior surgery .99
Yes 29 42 30 42
No 39 57 40 56
Unknown 1 1 1 1

Pain score baseline .39
Mean 6.0 5.7
SD 1.7 1.6
Range 4.0-1.0 4.0-1.0

ECOG performance score .35
0 22 32 31 44
1 43 62 36 51
2 4 6 4 6

Oral mucositis assessment scale location at baseline (percent with lesion)
Upper lip 1 1 6 8 .06
Lower lip 9 13 8 11 .72
Right cheek 21 30 21 29 .87
Left cheek 18 26 19 27 .93
Right ventral and lateral tongue 26 38 24 34 .63
Left ventral and lateral tongue 24 35 22 31 .63
Floor of mouth 19 28 11 15 .08
Soft palate/fauces 38 55 43 60 .38
Hard palate 23 33 22 31 .72

Percent with severe erythema at baseline
Upper lip 1 1 1 1 .98
Lower lip 5 7 1 1 .08
Right cheek 7 10 6 8 .54
Left cheek 7 10 8 11 .88
Right ventral and lateral tongue 10 14 13 18 .54
Left ventral and lateral tongue 16 23 12 17 .35
Floor of mouth 9 13 5 7 .23
Soft palate/fauces 22 32 26 37 .56
Hard palate 13 19 15 21 .74

WHO mucositis grade at baseline .26
1 (erythema and soreness) 30 44 25 35
2 (ulcers, able to eat solids) 22 32 19 26
3 (ulcers, requires liquid diet) 13 19 24 33
4 (ulcers, alimentation not possible) 3 4 4 6

Abbreviation: ECOG, Eastern Cooperative Oncology Group.

Leenstra et al
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Drowsiness, a known adverse effect of doxepin, was assessed with
a numerical analog scale (0 [no drowsiness] to 10 [extreme drowsi-
ness, leading to sleep]). AUC analysis showed that the placebo rinse
(�2.4) made patients less drowsy than the doxepin rinse (�0.7; dif-
ference, 1.7; 95% CI, �1.2 to 4.6; P � .0297). The mean drowsiness
scores increased from a similar baseline (3.2 for doxepin v 3.1 for
placebo) for doxepin and decreased for placebo but this was not
significantly different until the 2-hour assessment (3.9 for doxepin v
2.8 for placebo; P � .02).

The use of additional analgesic agents at the 2-hour (8.8% of the
patients in the doxepin arm v 2.9% in the placebo arm; P � .1392) and
4-hour (16.9% of the patients in the doxepin arm v 14.5% in the
placebo arm; P � .6989) time points was not significantly different
between the arms. After each dose was administered, patients were
asked if they would like to continue rinses with that particular agent.
More patients in the doxepin arm expressed an interest in continuing
treatment than patients in the placebo arm (phase 1: 77.3% v 51.5%;
P � .0018; phase 2: 69.8% v 43.9%; P � .004). After both doses were
administered and results were unblinded, 81 (63%) of the then eligible
patients chose to continue with doxepin rinses and completed
weekly assessments.

The crossover data in the second phase also confirmed that dox-
epin had more stinging and burning and worse taste and also caused
more drowsiness (again at the 2-hour time point after administra-
tion). Similarly, there was no difference between doxepin and placebo
arms in the reported use of additional analgesia at the 2- and 4-hour
time points.

During the initial and crossover phases of the trial, there were no
other toxic effects that were more common in the active arm than in
the placebo arm and none that were higher than grade 3. Of the 81
patients that continued doxepin rinses, 14 patients (17%) discontin-
ued the rinses; adverse effects of burning discomfort and increased
drowsiness were the most frequently reported reasons.

DISCUSSION

This randomized controlled trial of doxepin as an anesthetic and
analgesic rinse for treatment of oral mucositis pain from head
and neck radiotherapy resulted in modest but significant mouth and
throat pain score reductions over a 4-hour period after a single dox-
epin rinse that were confirmed by similar findings with a crossover
dose. Pain scores did not return to baseline over the 4-hour assessment
period after the single 1-minute oral rinse. The doxepin rinse resulted
in more adverse effects than placebo, so it is not clear whether
patients chose to continue doxepin rinses because they guessed
that they were on doxepin or because pain reduction prevailed over
the adverse effect profile. Despite this uncertainty, the majority of
patients elected to continue doxepin rinse therapy after the initial
test rinses and found repeated doses of doxepin to be beneficial. No
significant difference was seen in the minority of patients in the
doxepin and placebo arms who required additional analgesia at the
2- and 4-hour time points after the test rinse. Although the doxepin
arm did have more oropharyngeal primaries and fewer oral cavity
primaries than placebo, these differences were not statistically sig-
nificant. In addition, the crossover design of the trial showed a
reduction in pain for both groups, supporting that there is not a
bias caused by an imbalance of one arm versus the other. The
results of this trial confirm the beneficial and sustained effect of
doxepin rinse in decreasing oral mucositis pain that was seen in the
two smaller single-arm trials that preceded it.12-15

The adverse effect profile of doxepin rinse was also similar to
that seen in the prior phase I/II trials. Doxepin was well tolerated,
although compared with placebo, the doxepin rinse had more
stinging and burning and worse taste, and it also caused more
drowsiness. These adverse effects were typically mild. Stinging and
burning with doxepin rinse was reported in the antecedent single-
arm trials.12-15 This mild adverse effect was persistent throughout
the 4-hour postrinse assessment. The prolonged duration may be
due to a combined agonist-antagonist effect on mucosal nocicep-
tors; however, that did not seem to limit its tolerance. Some pa-
tients who continued the rinses noted that the mild sedative effect
from doxepin was beneficial as a sleep aid; however, it did limit
therapy continuation in a minority of patients. This increased
drowsiness seen in this study is likely the result of some systemic
doxepin absorption through damaged oral mucosa, even though
the rinses were limited to just 1 minute in duration.
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Although numerous agents and interventions have been tested
over the past three decades to prevent and/or treat painful oral mu-
cositis resulting from cytotoxic therapy—be it radiotherapy, chemo-
therapy or both—few have been proven to be effective.25-27 Only two
agents, the mucosal coating agent benzydamine hydrochloride28 and
recombinant human keratinocyte growth factor (palifermin),29,30

have been shown to be more effective than placebo in the prophylaxis
of oral mucositis from head and neck radiotherapy. This trial is the
largest placebo-controlled trial to date specifically testing the efficacy
of a rinse agent in controlling established mucositis pain and the only
such trial with positive results. Several smaller phase III trials of other
rinse agents, including chlorhexidine,31 “magic mouthwash,”31 phe-
nytoin,32 sucralfate,33 and diclofenac,25 have not demonstrated benefit
in controlling pain from established mucositis when compared
with placebo.

The limitations of this study include a lack of longitudinal com-
parison data with placebo beyond one or two rinses and the minimal
data collected in the continuation phase of the study with respect to
quality of life, weight loss, incidence of supplemental nutrition, need
for treatment breaks, and narcotic usage to evaluate possible narcotic
dose reduction and any narcotic interactions with doxepin (although
none were reported). In addition, this study lacks comparative effec-
tiveness testing with magic mouthwash rinses that are widely pre-
scribed in clinical practice despite the lack of trial data supporting
their use.

In conclusion, the results of this randomized phase III trial
demonstrate that a doxepin rinse is statistically significantly supe-
rior to a placebo in treating oral mucositis pain from head and neck
radiotherapy with or without chemotherapy. However, further
study is warranted to fully elucidate the use of this doxepin rinse in
this setting.
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Fig A1. Mean pain scores over time by arm and sex.
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Fig A2. Mean pain scores over time by arm and chemotherapy.
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Fig A3. Mean stinging and burning scores over time.

Doxepin for Mucosal Pain

www.jco.org © 2014 by American Society of Clinical Oncology


